The most recent improved groundnut varieties with farmers in Nigeria are SAMNUT 23, SAMNUT 24, SAMNUT 25 and SAMNUT 26. Amongst other things, this paper summarises outcomes of an adoption survey of these varieties in Sokoto and Kebbi States of North-western Nigeria. A total of 110 respondents were selected from administrative units where a donor funded project is being executed (coded herein as PLGA) and 110 from administrative units where project actions are absent (coded herein as NPLGA). The survey reveals that improved groundnut varieties are being grown amidst several other varieties designated as local. While SAMNUT 24 is being grown by 39% of respondents in PLGA and 19% of those in NPLGA, Kampala (a local groundnut variety) is being planted by 35 and 40% of respondents in PLGA and NPLGA, respectively. Farming experience, level of education and household size were found to influence household decisions to adopt groundnut varietal technologies and accompanying crop management practices at 1, 5 and 10% levels of significance. Gross Profit Margins in PLGA and NPLGA were 66,854 Naira (or $219) and 23,744 Naira (or $78), respectively, indicating that smallholder farmers could make nearly 64% additional cash incomes by adopting improved groundnut technologies.
INTRODUCTION

Background and objective pursued
Groundnut (Arachis hypogaea L.) is one of the most important oil seed crops in the world. The FAO (2017) estimates that production of the crop stands at about 47 million metric tons cultivated on a total of 28 million hectares worldwide, with an average productivity of 1.6 tons/ha. Developing countries constitute 97% of the global area cultivated. Groundnut production is concentrated in Asia and Africa, where it is mostly grown under rain-fed conditions with limited external inputs (Ibrahim et al., 2012) . Nigeria is the third world producer of the crop, after China and India. Depending on the variety, the oil content of the crop varies between 48 and 50%, and protein content is estimated at between 26 and 28% and between 11 and 27% micro-nutrients (carbohydrate, minerals and vitamins). The crop is commonly consumed during harvesting, roasted/boiled and processed into oil by small-scale farmers and city dwelling women for domestic use and/or cash income generation. Like other legumes, groundnut is known to be a nitrogen accumulator -an attribute which makes it feasible for resource limited farmers to save expenses on organic fertilizers. According to Simtowe et al. (2008) , its haulms and cake are rich in digestible crude protein and used as feed for ruminant livestock in the dry season in many countries of West and Central Africa (WCA).
Smallholder farmers in savannah agro-ecological regions of WCA are very much aware of the benefits of cultivating groundnut. Broadly, both local and improved varieties are planted in association with many other crops notably cereals. In Nigeria, the crop is produced in all the agro-ecological zones of the country, though cultivation is predominant in nineteen (19) States located within the Sahel, Sudan and Guinea agro-ecological zones. These States are: Federal Capital Territory (Federal Capital Territory/FCT-Abuja), Kano, Katsina, Kaduna, Jigawa, Sokoto, Zamfara, Kebbi, Adamawa, Bauchi, Yobe, Taraba, Borno, Benue, Plateau, Nasarawa, Kogi, Niger and Kwara (NAERLS, 2017) .
A total of twenty-nine (29) varietal technologies have been registered and released for commercial use in Nigeria since 1990 (NACGRB, 2014 . The scaling out of these improved varieties, together with accompanying crop management practices, have been the subject of the support of the United States Agency for International Development (USAID) to the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). In Nigeria, this project entitled Increasing Groundnut Productivity of Smallholder Farmers in Ghana, Mali and Nigeria is being implemented in partnership with twelve (12) partners with a focus on three improved groundnut varieties SAMNUT 24, SAMNUT 25 and SAMNUT 26. Upon registration and release, the key features of these varietal technologies are: high grain yields-estimated at 2-2.5 tons/ha instead of less than 1 ton/ha; high haulm yields -estimated at between 2.5-3tons/ha; early maturity -between 80-95 days, making it possible for them to escape end of season droughts compared to other varieties which generally mature at about 120 days; high oil contents -at least 45% oil when processed, moderate resistance to popular groundnut diseases notably early and late leaf spot diseases and rosette virus, small to medium pods and tan in colour making them fulfil both consumer and market preferences . Unlike many of the popular groundnut varieties, farmers describe these improved varieties as Atsaye (or erect).
This study was initiated to determine the adoption of the varietal technologies and accompanying crop management being scaled out by ICRISAT and national partners in two (2) out of five (5) States in North-western Nigeria. Project implementation started in January 2015 and the technologies being scaled out relate to varietal technologies, accompanying crop and aflatoxin management practices. All scaling out efforts were complemented by systematic capacity building interventions targeting groundnut value chain actors in the States.
RESEARCH METHOLOGY
Sampling and sample selection
A combination of purposive and multi-stage sampling procedures was used for the selection of respondents. The first stage of the sampling procedure was a straight forward decision to extend this survey to Sokoto and Kebbi after an enlightening survey in Kano, Vabi et al. 57 Katsina and Jigawa as reported by Vabi et al. (2019) . The second stage of the sampling procedure coincided with the confirmation of the eleven (11) Local Government Areas (LGAs) where the USAID funded project is being implemented (PLGAs) and a corresponding number were selected from LGAs where the project is not being implemented (NPLGA) resulting in a total of twenty-two (22) LGAs. The third stage in the sampling procedure consisted of a random selection of groundnut producing households with 110 from the PLGAs and NPLGAs. Giving a total of two hundred and twenty households (Table 1) . Interviews were then conducted with representatives of households based on their availability and willingness to participate in the exercise. Representatives of selected households not available and/or not willing to participate in the interviews were replaced in consultation with ADP extension agents of each LGA and community leaders.
Data collection and processing
After prior hands-on survey briefing in each State, data were collected using a structured questionnaire by extension agents of the Sokoto and Kebbi ADPs. The data collected included: sex, farming experience, household size, level of formal education, different groundnut varieties being planted (local and improved), the use of accompanying crop management practices (including preand post-harvest management of aflatoxin), cash and non-cash incomes, constraints limiting the use of each of the recommended technologies. Data were collected between March and April 2018 with a focus on activities of the 2017 cropping season. Consistency checks on responses provided were carried out at the end of each day by State-based survey supervisors on all the filled out questionnaires. Data entry was carried out using SPSS -Statistical Package for the Social Sciences version 22. Frequency counts were used to summarize the data collected. The Gross Profit Margin (GPM) and Return on investment (RoI) were used to establish the profitability of groundnut production (Edwards, 2016) . The GPM was estimated using = ∑pi qI -∑rj xj;pi where pi and qi represent the price and quantity of groundnut outputs, respectively, and rj and xj represent unit cost and quantity of the inputs used, respectively. RoI was determined by simply dividing the value of the GPM by total operational costs.
Modeling relationships between decisions to adopt or not to adopt agricultural technologies, usually requires the use of qualitative response models. Commonly used models are the binary probit model (which assumes an underlying normal distribution) and logit models (which take alogarithmic distribution functions). The logit model was used in this study to determine the drivers of farmers' decisions to adopt the improved groundnut varieties technologies considering that the model is simpler to interpret; it is also commonly used in adoption studies (Ng'ombe et al., 2014) .
The binary logit model used for this study is presented as follows:
A = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + u
Where: A = Adoption of recommended technologies (Adopted = 1 or Rejected = 0) β0 = intercept β1to βn = coefficients of X1toXn u = error term X1 to Xn = each of the factors considered to drive adoption decisions
Background information about Sokoto and Kebbi States
Both Sokoto and Kebbi States lie to the far extreme northwest of Nigeria ( Figure 1) ; with both States sharing land borders with the Net J Soc Sci 58 Over eighty percent (80%) of the population of both States are engaged in agriculture. The main crops produced are millet, sorghum (guinea corn), maize, rice, potatoes, cassava, groundnuts and common beans, these crops are grown for both subsistence and for sale. All categories of livestock -cattle, sheep, goats, chickens, camels and donkeys; cattle, camels and donkeys are frequently used for transportation and traction. Households resident along the Rivers Sokoto, Niger, Rima, dams and lakes also do fishing, and cultivate vegetables in the dry season.
Broadly, both States have dominant features of the Sudan and Savanah agro-ecological zones identified as appropriate for the improved groundnut varieties being promoted by the USAID project (Ajeigbe et al., 2015) . The dry season starts from October, and lasts up to April and could extend to May or June in the southern parts of the States. The wet season generally begins in April-May and might extend to September-October. Mean annual rainfall ranges between 500 and 1,300 mm. Annual average temperatures is 28.3°C, with Sokoto being one of the hottest cities in the world, though maximum daytime temperatures stay around 40°C most of the year. The warmest months are February to April, where daytime temperatures can exceed 45°C. In Kebbi State, mean annual temperature can be as high as 26°C. However, between December and February, mean annual temperatures can go down to about 21°C and up to 40°C during the months of April to June. The highest recorded temperature in Sokoto has been 47.2°C, which is also the highest recorded temperature in Nigeria.
A key motive for including both States into the USAID funded project was that they fall within the Feed the Future Zone of Influence (FtFZI). A total of 11 Local Government Areas (LGAs) were selected from both States with six (6) from Kebbi (out of a total of 27 LGAs) and five from Sokoto (out of a total of 23 LGAs).
RESULTS AND DISCUSSION
Profile of households interviewed
The socio-demographic profiles of representatives of the households interviewed in PLGAs and NPLGAs are summarised in Table 2 . Most of those interviewed were men with 78% in PLGA and 92% in NPLGA, generally between 36 and 50 years of age. In both PLGA and NPLGA, household sizes vary between 2 and 49 with a mean of 14 persons. Mean farm size is about 2 hectares in both PLGA and NPLGA. Some have attempted formal education (28%) and have even gone above primary education in NPLGA (24%) compared to PLGA where some are better apt in Quranic education in PLGA. Many Vabi et al. 59 more (88%) are members of farming groups in PLGAs than NPLGA (63%) and reported having inherited their farm-fields (63% PLGA and 66% in NPLGA). Mean farming experience of 23 years in PLGA and 28 years in NPLGA. Farm sizes emerged to be similar in both PLGA and NPLGA; mean of five (5) hectares with minimum and maximum of about one (1) hectare and fourteen (14) hectares, respectively. Similarly, mean land sizes devoted to groundnut production were about 2 hectares, though differences in maximum and minimum emerged in both PLGA and NPLGA. Farmers in PLGA estimated the values of their groundnut farms during the 2017 cropping season at 120,000 Naira (393 USD) in NPLGA as against 115,000 Naira (377USD) in PLGA; these were translated into mean values of 2,226,730 (7,300 USD) for NPLGA and 2,093,650 Naira (686 USD) in PLGA.
The socio-demographic profile of respondents of this survey suggests that groundnut production in Sokoto and Kebbi States is dominated by men aged over 50 years, with thirty years working as farmers. Respondents have large household sizes and do not belong to farming groups. Farm-field devoted to groundnut production are less than two hectares, a majority of which are inherited. Adoption studies have often explained technology acceptance or rejection to socio-demographic profiles of end-users. Representative adoption studies include those of Mwangi and Kariuki (2015) , Dhraief et al. (2018) , Muhammad (2015) , Mbavai et al. (2015) , Bello et al. (2011) Kassie et al. (2010) , Kariyasa and Dewi (2011) , Akudugu et al. (2012) , Chianu and Tsujii (2004) , Doss 2013 and Mauceri et al. (2005) With respect to access to extension service delivery and support with improved groundnut varieties (Table 3) , majority of respondents (82%) in NPLGA report having monthly extension service support from ADP extension agents while 79% of those in PLGAs reported having extension service support from ADP extension agents though the periodicity of this extension service support was higher in PLGA (74%) than in NPLGA (67%).The key source credit (finances) for farm operations was from owned savings for respondents in both PLGA (62%) and NPLGA (61%). Though Foundation Seeds were given out either to farmer groups as in-kind loans by the USAID funded project; this was not perceived as credit by respondents in both PLGA and NPLGA in the two States. The equivalents of Foundation Seeds given out to community-based seed producers were recovered after harvest, drying and bagging.
The extension service is the key driving factor behind technology deployment and adoption. Access to regular and credible extension services could neutralise the negative effect of lack of formal education of farmers which could hinders technology adoption Agriculture extension is popular methods of introducing agricultural technologies to end users. Mwangi and Kariuki (2015), Mignouna et al. (2011) , reported direct relationships between technology adoption and access to extension services. As reported by Simtowe and Zeller (2006) , access to credit is a determinant of the adoption of risky technologies given that credit eases liquidity constraints and household risk bearing abilities. 
Configuration of the adoption of improved groundnut technologies
(*) Absolute values followed by percentages in parentheses.
implementation partners, back-stopping of private seed companies in the production and distribution of Foundation Seeds, enhanced certification by the National Agricultural Seeds Council (NASC), continual awareness and targeted trainings of value chain actors by ICRISAT and NASC. Likewise, Table 5 outlines the extent of utilisation of both the varietal and accompanying crop and aflatoxin management practices being promoted in both Sokoto and Kebbi States. The pooled results show that mean update rates for varietal technologies (the seed) is 81% in PLGA compared to 19% in NPLGA. Similarly, mean update rate of on-farm management practices is 76% in PLGA as against 24% in NPLGA, the mean uptake of post-harvest management technologies is 75% in PLGA compared to 25% in NPLGA. This trend is consistent for all individual technologies related to varietal technologies and accompanying crop and aflatoxin management practices in the two States. These results are similar to those reported by Vabi et al. (2019) in the other three (90) 6 (10) 47 (94) 3 (6) 11 (22) 39 (78) 172 (78) 48(22) -Shell seeds during planting season 56 (93) 4 (7) 50 (83) 10 (17) 42 (84) 8 (16) 37 (74) 13 (26) 185 (84) 35(16) -Sort and clean seeds before planting 54 (90) 6 (10) 50 (83) 10 (17) 43 (86) 7 (14) 35 (70) 15 (30) 182 (83) 38(17) -Treat seeds before planting 54 (90) 6 (10) 48 (80) 12 (20) 40 (80) 10 (20) 32 (64) 18 (36) 174 (79) 46 (21) Means 56 (93) 4 (7) 50 (84) 10 (16) 43 (86) 7 (14) 29 (58) 21 (42) 178 (81) 42 (19) Category 2: On farm management practices -Use farms with sandy-loamy soils 60(100) --47 (78) 13 (22) 47 (94) 3 (6) 46 (92) 4 (8) 200 (91) 20(9) -Till/ridge farms before planting 60(100) --47 (78) 13 (22) 50 (100) --40 (80) 10 (20) 197 (90) 23(10) -Sow at 10cm x 75cm/2SH
40 (67) 20 (33) 31 (52) 29 (48) 37 (74) 13 (26) 24 (48) 26 (52) 133 (60) 88(40) -Sow at 20cm x 75cm/2SH
49 (82) 11 (18) 36 (60) 24 (40) 36 (72) 14 (28) 28 (56) 22 (44) 149 (68) 71(32) -Use Farm Yard Manure (FYM) 50 (83) 10 (17) 42 (70) 18 (30) 41 (82) 9 (18) 38 (76) 12 (24) 161 (73) 59(27) -Apply SSP (2 bags/ha and NPK I bag/ha), 50 (83) 10 (17) 32 (53) 28 (47) 44 (88) 6 (12) 38 (76) 12 (24) 154 (70) 66(30) -First weeding at 3-4 weeks after sowing 59 (98) 1 (2) 45 (75) 15 (25) 49 (98) 1 (2) 37 (74) 13 (26) 190 (86) 30 (14) (63) 23 (37) 43 (86) 7 (14) 35 (71) 15 (29) 167 (76) 53 (24) Category 3: Post-harvest Management practices -Lift pods when mature (85 -90 days) 58 (97) 2 (3) 21 (35) 39 (65) 48 (96) 2 (4) 34 (68) 16 (32) 161 (73) 59(27) -Dry pods on-farm between 5 -7 days after lifting 54 (90) 6 (10) 29 (48) 31 (52) 44 (88) 6 (12) 35 (70) 15 (30) 162 (74) 58(26) -Shake pods for moisture contents before stripping 58 (97) 2 (3) 17 (29) 43 (71) 50 (100) --43 (86) 7 (14) 168 (76) 52(24) -Store pods in clean in ventilated stores 52 (87) 8 (13) 34 (57) 26 (43) 45 (90) 5 (10) 41 (82) 9 (18) 177 (78) 48 (22) Means 55 (92) 5 (8) 25 (42) 35 (58) 47 (94) 3 (6) 38 (76) 12 (24) 166 (75) 54 (25) (*) Absolute value followed by percentage in parentheses.
States where the project is also being implemented. The mean adoption rates of improved groundnut varieties contrast with the findings of McGuire and Sperling (2015) , Bezner-Kerr (2013), Cavatassi et al. (2011) and Guei et al. (2011) where they demonstrate that farmers' saved seeds constitute the foremost source of seeds sown by African farmers. Targeted and persistent awareness and capacity building actions could improve and sustain the use of both varietal and crop management practices.
Overall, the adoption rates of non-varietal technologies or accompanying crop management practices are encouraging -these vary from 60% for sowing at 10 cm × 75 cm to 91% for selecting sites with potentials of better fertility. Alene et al. (2006) argued that adoption of non-varietal technologies is imperative for varietal technologies to fully express their genetic potentials. Also, as explained by Ajeigbe et al. (2016) , farmers in West Central Africa (WCA) plant grain crops in rows spaced at 75 cm because most tractors and animal drawn ridgers are fixed at widths of 75 cm between row spacing. In Nigeria, this practice was upheld as a recommended practice of 75 cm × 20 cm. Indeed, Nigam et al. (2006) opined that optimum plant spacing is key to higher yields in groundnut. Combining improved groundnut varieties with appropriate fertilizers and optimum plant densities could increase groundnut productivity and profitability of smallholder farmers in WCA. It is known that the use of adequate doses of appropriate fertilizers enhance root development and improve the availability of required nutrients for all crops including groundnut. As recurrently pointed out by Ndjeunga et al. (2006) , Ndjeunga et al. (2011) and Ndjeunga (2012) , differences in groundnut productivity in WCA can also be explained by insufficient and unsuitable uses of inputs.
In addition to the use of improved groundnut varieties alongside appropriate crop management practices, a number of post-harvests practices from the pooled results are signals of the adoption post-harvest measures to mitigate the development of aflatoxin producing fungi in PLGA. These include: lifting groundnut when mature (73% of respondents), adequate drying (71% of respondents), shaking of pods to check dryness before stripping and bagging (78% of respondents), adequate storage (75% of respondents).
Determinants of the adoption of groundnut technologies
The three (3) categories of factors driving the adoption of groundnut technologies emerged from the Sokoto and Kebbi State survey (Table 6 ). These are:
Category 1: Farming experience positively influenced the use of improved groundnut varieties (UIGV), first weeding at between three and four weeks (FW3-4W),drying pods on-farms for between five and seven days (DPO5-7D) at 5% level of significance, while the application of fertilizers (SSP and NPK) was statistically significant at 1%.
Category 2: Level of education positively influenced the adoption of use of improved groundnut varieties, (UIGV) and planting at 10 cm × 75 cm (10 cm × 75 cm/2SH) at 5 % level of significance while treating seeds before planting (TSBP) was statistically significant at 1%. weeks (SW6 -8W) at 5% level of significance while shelling seeds before planning (SSBP), planting at 20 cm × 75 cm (20 cm x 75 cm/2HS) and lifting pods when mature (LP85-90) (10%,) were statistically significant at 1%.
Adoption studies of crop and livestock technologies have not deliberately isolated the seed (or breed) component from accompanying management practices during technology promotion stages. This trend limits prospects for setting subsequent research agendas, providing feedback for setting agenda for delivery research and demonstration of the totality of the benefits of research products. Nevertheless, a plethora of adoption studies have confirmed the combined effects of farming experience, age, household size, education, access to information, credit and extension services, etc. on enduser's adoption decisions. Recent cases in point are the studies of Dhraief et al. (2018) , Muhammad (2015) , Mbavai et al. (2015) , Bello et al. (2011 ), James, (2014 , Adzawla et al. (2016) , Idoko and Sabo (2014), Melesse (2015) and Loevinsohn et al. (2013) . Muhammad (2015) and Bello et al. (2011) reported that farming experience positively and significantly influenced the adoption of agricultural technologies. The outcomes of this survey on education and household size are in line with the findings of James (2014) who reported household size to the adoption of groundnut productivity enhancement technologies.
According to Mignouna et al. (2011) and Lavison (2013) , education increases end-users' abilities to obtain, process and use information relevant to the adoption of technologies. Also, Mignouna et al. (2011) considered household size to influence the adoption of recommended agricultural technologies given that large household sizes ease labour requirements for sowing, weeding, lifting, stripping and shelling of groundnut. The combined results in Table 7 , for example, shows that paid labour is the main source of labour for groundnut production in PLGA accounting for about 45% with a combination of paid and family labour accounting for about half of labour requirements. Child labour constitutes an important source of farm labour for groundnut production in both PLGA and NPLGA; male children account for slightly more than female children in both PLGA and NPLGA (Table 7) .
Estimated financial gains from groundnut production in the study states Table 8 summarises the operational (variable) costs and revenue generated from producing groundnuts in PLGAs and NPLGAs. The operational cost comprises seeds, fertilizers, and pesticides, seasonal rents for farm land, farm labour and transportation of produce from the farms to house of groundnut producing households. The pooled can be improved by improving plant population densities (planting at 10 cm × 75 cm), close follow-up of the sources and different categories of farm labour (substituting paid labour with family labour), identifying and recruiting more efficient farm labour, working on the number of persons handling different farm operation, etc. While demonstrating that groundnut production is a source of cash and non-cash incomes, a tactful combination of hired and family labour and/or male/female farm labour, could help the smallholder farmer move onto more cost effective combinations. Similarly, efficiency on the cost of production can be reduced through securing discounts on bulk purchase of inputs by farming groups and/or annual tactful increases in market prices of certified seeds. This study revealed that only 88 and 37% of respondents belong to farming groups in PLGA and NPLGA, respectively.
CONCLUSION
Despite the national and socio-economic importance of groundnut to the Nigerian economy, productivity of the crop is lower (about 1.2 t/ha) compared to global means of between 1.7 and over 3 tons per ha in the USA and China. Prospects for improving the productivity of the crop exist through the adoption of both varietal and non-varietal technologies of the crop. Amongst other things, this paper has presented outcomes of a survey to determine the adoption of groundnut varietal and non-varietal technologies in Sokoto and Kebbi States of North-western Nigeria. Outcomes of the survey show that the improved groundnut varieties being scaled out are cultivated alongside a wide range of local varieties in both PLGA and NPLGA. Three (3) categories of complementary factor drive the adoption of both varietal and nonvarietal technologies: farming experience, level of education and household size. The positive values of both the gross profit margin and returns on naira invested point to the fact that by adopting varietal and non-varietal technologies, smallholder farmers could make up to 64% additional cash incomes. In terms of returns on investment, by adopting improved groundnut technologies, smallholder farmers can expect to earn nearly forty kobo per season for each naira invested.
